Abstract. In recent years, researchers have developed methods for joining bulk metals like aluminium, stainless steel, mild steel, cast iron etc. through microwave radiations. The present work is based on the joining of stainless steel-304 with two different interface materials i.e. Nickel based EWAC powder and 99.9% pure Nickel based powder. The obtained samples were characterized by XRD, SEM and Rockwell hardness test on HRC scale. The experimental results show that the Nickel based EWAC powder is better in terms of weldability than 99.9% pure Nickel based powder.
Introduction
Welding is an essential process used for joining basic parts. It is almost used in every industries, railway, ship buildings, cars, aeroplane, civil construction etc. It is likewise broadly utilized for the manufacturing and repair of machine tools, farm equipment. Therefore the cost and quality of a finished product depends upon the quality of welding joints and its structure. Microwave joining of materials is a new non-conventional technique emerged in the recent years. The unique characteristics of microwave radiations like volumetric heating, less power utilization, eco-friendly with environment, highly quality products etc. are attracting numbers of researches in this field. This technique in not fully developed as compared to other joining techniques but results of this technique are relatively better in terms of hardness, HAZ and tensile strength. Many materials which are extensively used in industries like aluminium, stainless steel, cast iron, etc [1] [2] [3] [4] [5] [6] [7] [8] . has been joined by microwave joining process. In case of stainless steel, the interface materials used for microwave joining includes nickel based powder or nickel based EWAC powder. These two materials are in powder form made from same parent material i.e. nickel but show different results in microwave joining. In this research, work-pieces of stainless steel 304 are joined by microwave joining with the help of both nickel based EWAC powder (50µ in size) and nickel based powder (50µ in size) as interface material. Microwave heating is a procedure which utilizes electromagnetic vitality as a part of the frequency scope of 3 to 300 MHz's. In microwave heating the material is subjected to an electromagnetic waves that oscillates the molecules of material, there by producing heat. Microwaves are directly absorbed by the material in this manner thereby causing volumetric heating [9] .
Microwave Joining
In microwave joining process domestic and industrial microwaves are used for bulk material joining. These domestic and industrial microwaves works on stranded frequency 2.45GHz. Refractory brick with cavity is used to hold the work piece. Epoxy resin blumer and bisphenol-A are used to hold the interface powder [10] . Charcoal powder are used as a susceptor which suscepts the microwave radiations and concentrate them at the interface of the joint. Graphite sheet is used as a separator to separate the interface powder and susceptor powder as show in Figure  1 . Bansal et al. [1] studied joint fabrication of mild steelmild steel through microwave hybrid heating in domestic 900 watt microwave. The gap was filled with an interfacing slurry of nickel based powder and epoxy resin bisphenol-A and blumer 1450XX. The joint was characterized using XRD, EDS, SEM, Rockwell hardness etc. Gupta et al. [3] investigated butt joint of tungsten carbide bearing alloy through microwave joining. Mild steel and stainless steel were joined by used of nickel based EWAC powder. Gupta and Kumar [2] worked on welding of SS420 with SS420 used nickel based EWAC powder as an interface material. Slurry is made by 95% nickel based powder and 5% blumer 1450XX. The joint was characterized by XRD, SEM, micro tensile tester etc. Badiger et al. [11] worked on joining the Inconel-625 alloy through microwave hybrid heating in domestic 900 watt microwave using Nickel based powder as an interface material. The experiments were carried out in domestic microwave and characterized by XRD, SEM, and UTM etc. Bansal et al. [12] investigate on Inconel 718 structure -properties in microwave joining. The butt joined Inconel 718 plates were joined by the microwave hybrid heating technique. Inconel 718 powder as a filler material was used for microwave welding. Singh et al. [7] worked on joining aluminium-aluminium through microwave hybrid heating. Aluminium powder was used as an interface material. SiC powder is used as a susceptor.
Experiment procedures

Microwave joining using EWAC
In the present study micro hybrid heating is used for joining of SS304-SS304 bits. A Nickel based EWAC powder of particle size 50μ has been used as an interface material. The detail study regarding joining of bulk material with the help of micro hybrid heating has already reported in form of patent [4] . The SS304 bits were placed in the butt configuration with the gap of approximate 0.5 mm. The gap was filled with interface slurry consist of 95% nickel based EWAC powder and 5% Epoxy resin blumer 1450XX. The configuration was exposed to microwave radiation for 420 sec at 2.45GHz and 800Watt. 
Microwave joining using 99.9% Pure Nickel Based Powder
In this experiment, 99.9% pure nickel based powder of particle size 50μ has been used as an interface material with the timing of 390 sec at 2.45GHz and 800Watt. 
Characterization of the joints
The joints were characterized by Energy dispersive spectroscopy (EDS), Scanning electron microscope (SEM) and Rockwell hardness test on C-scale.
Results and discussion
The results of various characterizations are discussed with suitable illustrations in the following sections. It is found from the EDS analysis in the joint region of the microstructure, the cells are of iron mainly (Fe), chromium (Cr), carbon(c), Nickel (Ni) and manganese (Mn). The presence of carbides (chromium and iron) was at the grain boundaries. This is due to the precipitation of carbides near the grain boundaries owing to the difference in solidification time [4] . The sample has been scanned with scanning pulse th. 2.80kcps and 15.0kv of High voltage.
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Figure 5. EDS results of Nickel based powder
It is found from the EDS analysis in the joint region of the microstructure, the cells are mainly of iron (Fe), chromium (Cr), Nickel (Ni), carbon (c). The sample has been scanned with scanning pulse Th. 1.73kcps and 15.0kv of High voltage.
From the EDS results, it follows:
-Carbon % in Nickel based EWAC powder is more than the 99.9% pure Nickel based powder.
-Nickel % in 99.9% pure Nickel based powder is more than the Nickel based EWAC powder. 
Scanning electron microscope (SEM)
SEM result for EWAC based joining
Rockwell hardness test and visual inspection
Rockwell hardness test is done on the beads of both the joints to characterize the hardness of the joint on Rockwell C-scale. 
Conclusion
-The weldability of Nickel based EWAC powder is higher than the 99.9% pure nickel based powder.
-The percentage of carbon is less in 99% pure Nickel based joint in comparison with Nickel based EWAC powder. This helps in reducing the porosity in 99.9% pure Nickel based joint compared to EWAC based joint.
-Rockwell hardness on HRC-scale for 99% pure Nickel based powder is higher than then EWAC powder -Surface finish is better in Nickel based powder EWAC powder and bead size of joint is negligible as compared to 99.9% pure Nickel based powder joint.
